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RQH>@ GXH WR WKH VLPXOWDQHRXV SUHVHQFH RI IHUULWH WRJHWKHUZLWK DXVWHQLWH SKDVHV LQPLFURVWUXFWXUH 5HPDUNDEOH
FRUURVLRQSURSHUWLHVKDGEHHQQRWHGIRUSLWWLQJDQGFUHYLFHFRUURVLRQW\SH>@)URPWKLVSRLQWRIYLHZ WKH35(1
3LWWLQJ5HVLVWDQFH(TXLYDOHQW1XPEHUYDOXHLVFRPPRQO\DGRSWHGZKLFKJLYHVDQLGHDRIWKHFRUURVLRQUHVLVWDQFH
OHYHORIWKHDOOR\HYHQWKRXJKWKLVSDUDPHWHUUHIHUVWRSLWWLQJFRUURVLRQLWDOVRVXLWHVIRUFUHYLFH,WLVVWULFWO\UHODWHG
WRWKHFKHPLFDOFRPSRVLWLRQRIWKHPDWHULDOVLQFHLWLVGHILQHGDVIROORZ>@

35(1 &Uî0Rî1        

7KRVHWKUHHDOOR\LQJHOHPHQWVSOD\DSUHGRPLQDQWUROHLQFRUURVLRQUHVLVWDQFHLQGHHGWKHULJKWSHUFHQWDJHRIWKRVH
HOHPHQWVLQPHOWFRXOGSHUPLWWRRSWLPL]HWKH&ULWLFDO3LWWLQJ7HPSHUDWXUH&37DQG&ULWLFDO&UHYLFH7HPSHUDWXUH
&&7ZKLFKDUHWKHORZHVWWHPSHUDWXUHVDWZKLFKSLWWLQJDQGFUHYLFHFRUURVLRQVWDNHRYHUUHVSHFWLYHO\,QJHQHUDO
IRUWKHVH'66&&7WXUQVRXWWREHORZHUWKDQWKH&37DVVXSSRUWHGIURPPDQ\UHVHDUFKHV>@,QIDFWVRPH'66
DQG6'66DOOR\VVXFKDV6DQG6816JUDGHGHVLJQDWLRQKDYHWKHPD[LPXP&37WHPSHUDWXUHDURXQG
&PXFKKLJKHUWKDQ&&7WHPSHUDWXUHWKDWLV&7KLVGLIIHUHQFHLVQRWWKDWPXFKUHPDUNDEOHIRU'66DOOR\V
DV1DQG6816JUDGHGHVLJQDWLRQIRUZKLFKWKHGLIIHUHQFHUDWHVDURXQGRQO\DGR]HQRIJUDGHV
+RZHYHUWKHRXWVWDQGLQJIHDWXUHZKLFKPDNHV'66IDUPRUHFRPSHWLWLYHZLWKUHVSHFWWRWKHDXVWHQLWLF66DUHWKHLU
PHFKDQLFDOSURSHUWLHVLQWHUPVRIı\DQGıXHYHQWULSOHRIWKRVHUHODWHGWRIHUULWLFDQGDXVWHQLWLF66>@,QFDVHRI
ZHOGLQJSURFHVVHVLWLVRIUHOHYDQWLPSRUWDQFHWRSURSHUO\EDODQFHWKHIHUULWHDXVWHQLWHVWDELOL]LQJDOOR\LQJHOHPHQWV
DPRXQWPRVWO\LQ'66WKHVHHOHPHQWVLQIOXHQFHWKHPLFURVWUXFWXUHRIWKHZHOGHGMRLQWVLQDZD\WRJXDUDQWHHWKH
ULJKW FRQWHQW RI IHUULWH DQG DXVWHQLWH SKDVHV LQ RUGHU WR UHDFK WKH UHTXLUHG FRUURVLRQ UHVLVWDQFH DQG PHFKDQLFDO
SURSHUWLHVRIWKHZHOGHGMRLQW&KHPLFDOFRPSRVLWLRQGHILQHVWKHIHUULWHDQGDXVWHQLWHVWDELOL]LQJHOHPHQWVDPRXQWDV
IROORZV

&UHT &U0Rî6Lî1E     
1LHT 1Lî&î1î0Qî&X    

7KH:HOGLQJ5HVHDUFK&RXQFLO :5& LQ LVVXHG DZRUNLQJGLDJUDP WKDW SHUPLWV WRGHILQH WKH UHODWLYH
SHUFHQWDJHRIWKHWZRSKDVHVDIWHUZHOGLQJSURFHVVDVDIXQFWLRQRIWKHKHDWLQJWHPSHUDWXUHDQGWKH&UHT1LHTUDWLR
DWZKLFKFRUUHVSRQGVGLIIHUHQW'66DOOR\V%\PHDQVRIWKLVGLDJUDPLWKDVEHHQGHWHFWHGDFRQVLGHUDEOHLQFUHDVHLQ
IHUULWHFRQWHQWDW&ZKHUHDVSDUWRIWKDWWUDQVIRUPVLQDXVWHQLWHGXULQJFRROLQJ7KHUHIRUH'66DUHRIWHQKHDW
WUHDWHGDWKLJKWHPSHUDWXUHXVXDOO\VROXWLRQKHDWWUHDWHGEHWZHHQ&DQG&VRDVWRWUDQVIRUPWKHIHUULWH
LQDXVWHQLWHDFFRUGLQJWRDSURSHUIRUPDWLRQNLQHWLFVWULFWO\GHSHQGHQWXSRQWKHFRROLQJUDWH>@
,WKDVEHHQSURYHGWKDWDVOLJKWO\KLJKHUFRQFHQWUDWLRQRIQLFNHOLQZHOGLQJEHDGFRQIHUVEHWWHUFU\RJHQLFSURSHUWLHV
LQSDUWLFXODUUHVHDUFKHVHPSKDVL]HDORZHULQJRIWKHGXFWLOHWREULWWOHWUDQVLWLRQWHPSHUDWXUH'%77IRU'66/';
LQFDVHRIRUZWRIQLFNHOLQPHOWZKHUHDVWKHVDPHPDWHULDOZLWKQLFNHOFRQWHQWDVORZDVZW
UHVXOWHGLQDKLJKHU'%77WHPSHUDWXUH>@,QZHOGLQJLWRXJKWWRSD\DWWHQWLRQWRDYRLGWKHSUHFLSLWDWLRQRIXQGHVLUHG
VWDEOHıDQGPHWDVWDEOHȤ5ʌDQG&U1SKDVHVZKLFKQRUPDOO\WUDQVIRUPLQWRVWDEOHıSKDVHDWURRPWHPSHUDWXUH
ZKDWFRXOGLQGXFHDGURSRIWKHPDWHULDOGXFWLOLW\5HVHDUFKHVEHVLGHVWKLVSUREOHP>@UHYHDOVWKDWWKHPRVWGDQJHURXV
WHPSHUDWXUHUDQJHWREHDYRLGHGLV±&ZLWKDPLQLPXPLQGXFWLOLW\RI-DW&,QRUGHUWRDYRLGD
ORQJVRDNLQJWLPHDWWKLVWHPSHUDWXUHUDQJHWKHZHOGLQJSDVVHVWRSURYLGHIRUDGHTXDWHFRROLQJLQ+$=LVVXJJHVWHG
WREHEHORZ&7KHUHDUHPDQ\UHVHDUFKSDSHUVLQWKHOLWHUDWXUHVXSSRUWLQJLQYHVWLJDWLRQRQPHFKDQLFDOSURSHUWLHV
DQGZHOGLQJSURFHGXUHVIRU WKHVH'66ZLWKOLWWOH LQVLJKWVFRQFHUQLQJWKHFRPSDULVRQEHWZHHQPLFURVWUXFWXUHDQG
ZHOGLQJSURFHVVIURPRQHVLGHDQGPHFKDQLFDOSURSHUWLHVRI/';IURPWKHRWKHUVLGH7RLQYHVWLJDWHGHHSO\LQ
WKHDUJXPHQWWKHUHVHDUFKZRUNLVDLPHGWRDQDO\]HWKHPHFKDQLFDODQGPHWDOORJUDSKLFFKDUDFWHULVWLFVRI/';
'XSOH[66SODWHVZHOGHGZLWKGLIIHUHQWWHFKQRORJLHV

([SHULPHQWDOPHWKRGVDQGUHVXOWV
/';  '66 SODWHV [PP DQG PP WKLFN ZHUH MRLQHG DORQJ WKH ORQJHU VLGH E\ ZHOGLQJ E\ WKH
IROORZLQJWHFKQLTXHV0,*ZHOGLQJIRUSODWHVDQG6$:ZHOGLQJIRUWKHWKLUGRQHLQVWHDG7KHEDVHPDWHULDODQG
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ILOOHGPDWHULDODQDO\]HGZLWKRSWLFDOHPLVVLRQVSHFWURVFRS\2(0VKRZWKHFKHPLFDOFRPSRVLWLRQLQZWUHSRUWHG
LQ7DEOHDQGUHVSHFWLYHO\
   7DEOH%DVHPDWHULDOFKHPLFDOFRPSRVLWLRQ
& 6L 0Q 3 6 &U 0R 1L $O &R &X
          
1E 7L 9 : 3E 6Q $V % 1 )H
         5HPDLQGHU
 7DEOH)LOOHUPDWHULDOFKHPLFDOFRPSRVLWLRQ
6L 0Q &U 1L 0R 1
     

)LOOHUPDWHULDOFRQWDLQVDKLJKHUSHUFHQWDJHRIQLFNHODQDXVWHQLWHVWDELOL]HUHOHPHQWLQUHVSHFWWRWKHEDVHPDWHULDO
LQRUGHUWRJXDUDQWHHWKHULJKWDXVWHQLWHFRQWHQWDIWHUWKHVROLGLILFDWLRQRIWKHZHOGEHDG7KHZHOGSODWHVEDVHPDWHULDO
+$=DQG)=ZHUHWHVWHGE\9LFNHUVKDUGQHVVWHQVLOHDQGUHVLOLHQFHWHVWVDVZHOODVPHWDOORJUDSKLFREVHUYDWLRQWKH
HWFKHG VDPSOHV XQGHUZHQW RSWLFDO DQG VFDQQLQJ HOHFWURQLF PLFURVFRSH DQDO\VLV ;5D\ GLIIUDFWLRQ DQG ('6
PLFURSUREHDQDO\VLVWRJHWKHUZLWK:'6PDSSLQJLPDJHV7HQVLOHDQGLPSDFWVSHFLPHQVKDYHEHHQFXWRIIIURPWKH
SODWHV2SWLFDOPLFURVFRS\RIGLIIHUHQWWUDQVYHUVHVHFWLRQRIJULQGHGDQGSROLVKHGXQHWFKHGPHWDOORJUDSKLFVDPSOHV
VKRZVWKDWWKHZHOGLQJEHDGVKDYHQRGHIHFWV











)LJD%0ORQJLWXGLQDOYLHZDQGE%0IURQWYLHZRSWLFDOPLFURJUDSKLFVRQWZRSODQHVRIREVHUYDWLRQZKHUHGDUNSKDVHLVIHUULWHZKLOHOLJKW
SKDVHLVDXVWHQLWHZLWKWZLQVSUHVHQFHDQGF+$=PLFURVWUXFWXUH

7KHZHOGLQJWUDQVYHUVHPLFURVWUXFWXUHHYLGHQFHVD+HDW$IIHFWHG=RQH+$=FKDUDFWHUL]HGE\DURXQGQHVVRI
DXVWHQLWHJUDLQVZLWKWKLFNQHVVUDQJLQJIURPDPPGHSHQGLQJRQVXUIDFHGLVWDQFHILJXUHF7KHIXVLRQ]RQH
)=VKRZVDGHQGULWHPRUSKRORJ\ZLWKWKHSULPDU\DUPVRULHQWHGPRVWO\DORQJWKHKHDWJUDGLHQWGLUHFWLRQWKDWLV
SHUSHQGLFXODUWRWKHZHOGERUGHU7KHGHQGULWLFPLFURVWUXFWXUHLVILQHURQWKHEHDGERUGHUZKHUHWKHFRROLQJUDWHZDV
KLJKHUDQGJHWWLQJFRDUVHUPRYLQJWRZDUGWKHFRUHRIWKHEHDGZKHUHWKHVROLGLILFDWLRQUDWHLVVORZHU
)HUULWHDQGDXVWHQLWHFRQWHQWV LQ WKH WKUHH]RQHVKDYHEHHQFDOFXODWHGE\XVLQJSURSHU LPDJHDQDO\VLVVRIWZDUH
/HLFD4ZLQ7KHYDOXHVIRUHYHU\SODWHDQG]RQHRIPHDVXUHPHQWDYHUDJHRILPDJHVDUHUHSRUWHGLQ7DEOH
,PDJHELQDU\DQDO\VLVKDYHEHHQFRQGXFWHGLQ%0+$=DQG)=
5HJDUGLQJWKH)=LQ7DEOHDVHWRIYDOXHVZKLFKUHSUHVHQWFDWHJRULHVRIPD[LPXPDQGPLQLPXPUHVXOWVKDYH
EHHQUHSRUWHGDQGQRWRQO\WKHDYHUDJHYDOXHVGXHWRWKHEUHDGWKYDULDELOLW\RIWKH;5'SHDNV
,QIDFWLWUHVXOWVWKDWWKHUHDUHVRPH]RQHVLQ)=ZKHUHFRQFHQWUDWLRQRIIHUULWHLVSUHWW\ORZHULQUHVSHFWWRWKH%0
LQZKLFKIHUULWHDQGDXVWHQLWHDUHHTXDOO\SUHVHQWEHFDXVHRIWKHKLJKHUFRQFHQWUDWLRQRIDXVWHQLWHVWDELOL]HUVLQILOOHU
PDWHULDO:KLOH+$=LVGLIIHUHQWO\LQIOXHQFHGE\WKHKHDWIORZVFRPLQJIURPWKHZHOGEHDGLQUHODWLRQWRWKHZHOGLQJ
WHFKQRORJLHV SODWH  FKDUDFWHUL]HG E\ D0,*ZHOGLQJZLWK RQH IURQW DQG RQH EDFN EHDG VKRZV D VOLJKW KLJKHU
SHUFHQWDJHRIIHUULWHSKDVHGXHWRWKHKLJKHUKHDWVXSSO\RQ+$=IROORZHGE\DIDVWFRROLQJUDWHWKDWWUDQVIRUPVVRPH
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RIWKHDXVWHQLWHLQIHUULWHVHHWKH:5&SKDVHGLDJUDP+$=YDOXHVRISODWHVDQGGRQRWYDU\WKDWPXFKWRMXVWLI\
WKLVYDULDWLRQSURYLGLQJWKDWWKHGLIIHUHQFHIDOOVLQWKHDGPLVVLEOHHUURULQDUHDLQWHJUDWLRQRIWKHLPDJHV

7DEOH$YHUDJHYDOXHVRIIHUULWHIRUWKHGLIIHUHQWZHOGLQJ]RQHVDQGZHOGLQJFRQGLWLRQV

6DPSOH %DVH
PDWHULDO
+$= )=
PD[ PLQ EDFN
SODWH    ? ?
SODWH    
SODWH    

;5'DQDO\VLVDQGGLIIUDFWRJUDPVZHUHSHUIRUPHGRQWKHSODWHVE\PHDQVRI5LJDNX'0D[PDFKLQHZLWK&R
DQWLFDWKRGH .Į QP7KDQNV WR WKDW LWKDVEHHQSRVVLEOH WRTXDQWLI\ WKH IHUULWHSHUFHQWDJH LH DURXQG
ZKDWSUHWW\ZHOOFRQILUPHGZKDWWKHLPDJHDQDO\VLVGHPRQVWUDWHGEHIRUHRQWKHEDVHPDWHULDO/LNHZLVH;5'
DQDO\VLVFRQGXFWHGRQWUDQVYHUVHVHFWLRQRIWKHZHOGLQJ]RQHGLGQRWHYLGHQFHDQ\SUHFLSLWDWHSKDVHVıʌȤNHWF«
DWWULEXWHG WR KHDW WUHDWPHQWV HIIHFWV 3UHFLSLWDWHV GR QRW DSSHDU QHLWKHU LQ PHWDOORJUDSKLF REVHUYDWLRQ RI
PLFURVWUXFWXUHV 
9LFNHUVPLFURKDUGQHVVHYDOXDWLRQKDVEHHQFRQGXFWHGRQIHUULWHDQGDXVWHQLWHSKDVHVLQDOOWKHPDLQ]RQHVRIHDFK
SODWHDWWKUHHGLIIHUHQWSODQHVZLWKLQWKHSODWHWKLFNQHVV9LFNHUVKDUGQHVVORDGZDVJLQRUGHUWRREWDLQLQGHQWDWLRQV
ZLWKPD[LPXPGLPHQVLRQIDOOLQJZLWKLQDVLQJOHSKDVHFU\VWDOILJXUH)RUHDFKSODWHVL[9LFNHUVPLFURKDUGQHVV
WULDOVZHUHSHUIRUPHGDQGWKHPHDQYDOXHZDVFDOFXODWHGDQGUHSRUWHGLQWDEOH


)LJD)HUULWHE$XVWHQLWH

7DEOH$YHUDJHPLFURKDUGQHVVYDOXHVRIIHUULWHDQGDXVWHQLWHLQWKHGLIIHUHQW]RQHVRIWKHZHOGHGSODWHV








7KHDXVWHQLWH LVJHQHUDOO\KDUGHUZLWK UHJDUG WR WKH IHUULWHSKDVHHYHU\ZKHUH ,Q IDFWDXVWHQLWHPLFURKDUGQHVV
YDOXHVUDWHDURXQG+9ZKHUHDVDERXW+9KDVEHHQPHDVXUHGIRUIHUULWH)HUULWHPLFURKDUGQHVVUHVXOWV
DUHKLJKHU LQ)=DQG+$=ZKHUHDV WKRVHRIDXVWHQLWH WXUQVRXW WREHVOLJKWO\KLJKHURQO\ LQ+$=ZLWK WKHRQO\
H[FHSWLRQRI+$=RIWKHVHFRQGSODWHZKHUHDXVWHQLWHDQGIHUULWHKDYHWKHVDPHKDUGQHVVZLWKDYDOXHIDUORZHUWKDQ
WKH+$=SHUWDLQLQJWRWKHRWKHUWZRVDPSOHV
0LFURDQDO\VLVUHVXOWVFRQGXFHGRQWUDQVYHUVHVHFWLRQRIWKHSODWHVDOORZHGWRJHWSKDVHFRPSRVLWLRQDOLQVLJKWVDQG
 %DVHPDWHULDO +$= )=
)HUULWH $XVWHQLWH )HUULWH $XVWHQLWH )HUULWH $XVWHQLWH
3ODWH      
3ODWH      
3ODWH      
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HOHPHQWVGLVWULEXWLRQDQGSDUWLWLRQLQIHUULWHDQGDXVWHQLWHWKDWLVUHSUHVHQWHGE\WKH5FRHIILFLHQW5 &UHT1LHT
QDPHO\WKHUDWLREHWZHHQWKHIHUULWHVWDELOL]HUVFRQWHQWDQGWKHDXVWHQLWHVWDELOL]HUFRQWHQW0DSSLQJVRIFKURPLXP
QLFNHODQGPDQJDQHVHKDYHEHHQSHUIRUPHGDQGUHSRUWHGLQ)LJXUHIRU%0OLNHZLVHIRUWKH+$=]RQHDQG)=












)LJ(OHFWURQPLFURVFRSHLPDJHRIWKHHWFKHGEDVHPDWHULDODDQGWKHFRUUHVSRQGLQJ:'6LPDJHPDSSLQJRIEFKURPLXPFQLFNHODQG
GPDQJDQHVHHOHPHQWGLVWULEXWLRQ

+LJKHUFRQFHQWUDWLRQRIDJLYHQDOOR\LQJHOHPHQWLVGHQRWHGE\DFOHDUHUFRORUDWLRQRIWKH:'6PDSSLQJLPDJH
,UUHVSHFWLYHRIUHDOSHUFHQWDJHRIHDFKHOHPHQWFKURPLXPFRXQWVDUHPRUHLQWHQVHLQIHUULWHSKDVHZKHUHDVQLFNHO
DQGPDQJDQHVH WDNH SODFHPRUH LQ DXVWHQLWH SKDVH )LJXUH  VKRZV D SUHGRPLQDQW FRUUHVSRQGHQFH EHWZHHQ WKH
VHFRQGDU\HOHFWURQVLPDJHILJXUHDDQGWKHFRUUHVSRQGLQJHOHPHQWVPDSSLQJLPDJHVILJXUHVEFDQGGZKLFK
QHDWO\GLVWLQJXLVKWKHGLIIHUHQWSKDVHVWKH\VWDELOL]H
7DEOH$OOR\LQJHOHPHQWVVSRWFKHPLFDOGHWHFWLRQSRLQWV





0LFURSUREH DQDO\VLV FRQGXFWHG RQ WKH GLIIHUHQW SKDVHV RQ GLIIHUHQW ]RQH %0 )= \LHOGV WKH FKHPLFDO
FRPSRVLWLRQVWKDWZHUHDGRSWHGWRFDOFXODWHWKH5FRHIILFLHQWIRUDXVWHQLWHDQGIHUULWHDVH[SODLQHGDERYH7DEOH
7KH5FRHIILFLHQWUHVXOWVDOZD\VWREHORZHUIRUDXVWHQLWHSKDVHWKDQIHUULWHRQHIRUERWK%0DQG)=VLQFHKLJKHU
DPRXQWRI1LPDNHV1LHTKLJKHULQYDOXH,Q%0WKH5FRHIILFLHQWVDUHKLJKHUWKDQWKRVHRI)=EHFDXVHRIORZHU1L
QRWSURSHUO\FRPSHQVDWHGE\WKH0QFRQWHQW,WPXVWEHVWDWHGWKDWFDOFXODWHG5FRHIILFLHQWKDYHEHHQDVVHVVHGZLWKRXW
FRQVLGHULQJ1DQG&HOHPHQWVEHFDXVHVL]DEOHHUURULQZWFDOFXODWLRQRIWKHVHHOHPHQWVLQGXFHVDZLGHUDQJHRI
XQFHUWDLQLW\DQGKRZHYHUWKHVHHOHPHQWDUHERWKQRWFRQVLGHUHGLQWKHWZRSKDVHVDQG]RQHV
7HQVLOHWHVWVZHUHHIIHFWHGWRHYDOXDWHWKHPHFKDQLFDODQGSK\VLFDOSURSHUWLHVRIWKHZHOGHG/';'66SODWHV
7KHUHVXOWVRIWKHWHQVLOHWHVWVFRQGXFWHGRQEDVHPDWHULDODQGRQGXPEEHOOVKDSHZLWKDURXQGMXQFWLRQVWHQVLOHWHVW
VSHFLPHQVDUHUHSRUWHGLQ7DEOHLQWHUPVRIVWUHQJWK\LHOGVWUHQJWKDQGHORQJDWLRQSURSHUWLHV7KHJLYHQUHVXOWVDUH
DYHUDJHYDOXHVDQGWKHVFDWWHULQJRIWKHREWDLQHGGDWDLVQDUURZHLWKHUDPRQJVSHFLPHQVRIWKHVDPHW\SHDQGZHOGLQJ
FRQGLWLRQVRUDPRQJWKHGLIIHUHQWZHOGHGSODWHV7KHHORQJDWLRQGDWDUHYHDOIRUWKHZHOGHGPDWHULDODZLGHUVFDWWHULQJ
RIYDOXHVLQUHVSHFWWRWKHEDVHPDWHULDOLQVWHDG
0HWDOORJUDSKLFVDPSOHVWUDQVYHUVHWRWKHIUDFWXUHSURILOHRIWKHWHQVLOHVSHFLPHQVZHUHSUHSDUHGLQRUGHUWRUHYHDO
FUDFNRQVHWRFFXUUHQFHLWJHQHUDOO\VWDUWVLQ)=DQGVRPHWLPHVSURSDJDWHVLQ%0DOVRHYLGHQFLQJDFRQVLGHUDEOH
QHFNLQJ7KHRSWLFDODQDO\VLVRIWKHIUDFWXUHSURILOHVVKRZWKDWWKHVDPSOHVZLWKORZHUHORQJDWLRQFRUUHVSRQGWRFUDFN
IXOO\ SURSDJDWLRQ LQ )=ZKLOH WKH KLJKHU YDOXHV DUH GHWHFWHG LQ VDPSOHVZLWK FUDFN SURSDJDWLRQPDLQO\ LQ%0
0LFURJUDSKLHVDWKLJKHUPDJQLILFDWLRQHYLGHQFHWKDWZKHUHYHUFUDFNSURSDJDWHGWKURXJKWKH%0IUDFWXUHVKRZVDQ
LQGHQWHGSURILOHVRPHWLPHVLWIROORZVWKHDXVWHQLWHDQGIHUULWHJUDLQVRULHQWDWLRQSDUDOOHOWRSODWHVXUIDFHVVRPHWLPHV
LWSURSDJDWHVWUDQVYHUVHO\ZLWKDVKDUSHUGHIRUPDWLRQRIWKHDXVWHQLWHSKDVH,QFDVHRIFUDFNSURSDJDWLRQWKURXJK)=
 %DVHPDWHULDO :HOGLQJ]RQH
3KDVH DXVWHQLWH IHUULWH DXVWHQLWH IHUULWH
5FRHIILFLHQW    
D


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DVWUDLJKWHUIUDFWXUHSURILOHLVREVHUYHGZKLFKIROORZVWKHILQHUSULPDU\DQGVHFRQGDU\GHQGULWHJUDLQV


7DEOH%DVHPDWHULDODQGZHOGHGPDWHULDOSURSHUWLHV
0HFKDQLFDOSURSHUWLHV %DVHPDWHULDO :HOGHGFRPSRQHQWV
ıX  03D 03D
ı\  03D 03D
(   
<RXQJ¶V0RGXOXV(  *3D 

7KHIUDFWXUHPRUSKRORJ\DQDO\]HGE\HOHFWURQPLFURVFRSH6(0)LJXUHVKRZVGXFWLOHPRUSKRORJ\RIIUDFWXUH
DQGVRPHJUDLQVZLWKEULWWOHEHKDYLRUILJD7KHFUDFNSURSDJDWLRQLVDOZD\VWUDQVJUDQXODU,WLVTXLWHSUHGRPLQDQW
WKH SUHVHQFH RI GLPSOHV HYHU\ZKHUH RQ WKH IUDFWXUH VXUIDFH ILJF 6PRRWK ]RQHV DFFRPSDQ\ GLPSOHV LQ
PRUSKRORJLHVILJERZLQJWRSODVWLFVKHDUGHIRUPDWLRQ














)LJ)UDFWXUHPRUSKRORJ\RISODWH±$VSHFLPHQDIWHUWHQVLOHWHVWLQGLIIHUHQW]RQHVRIWKHIUDFWXUHVXUIDFHZLWKPDLQO\GXFWLOHPRUSKRORJ\

,PSDFWWHVWLQJSHUIRUPHGDWURRPWHPSHUDWXUHLQYROYHG%0HLWKHUWHVWHGLQORQJLWXGLQDORULQWUDQVYHUVWKLFNQHVV
LPSDFW GLUHFWLRQ LQ UHVSHFW WR WKH SODWH DQG WKHZHOGLQJ ]RQHRI WKH GLIIHUHQW SODWHV7KH UHVXOWV RI LPSDFW WHVWV
FRQGXFWHGRQ&KDUS\9QRWFKHGVWDQGDUGVDPSOHVDUHUHSRUWHGLQ7DEOH
,WKDVEHHQREVHUYHGWKDW%0HYLGHQFHKLJKUHVLOLHQFHYDOXHVWKRXJKWKH\UHVXOWWREHGLIIHUHQWLQGHSHQGHQFHXSRQ
WKHGLUHFWLRQRIQRWFKLQFLVLRQEHFDXVHRIWKHSUHIHUHQWLDORULHQWDWLRQVRIWKHDXVWHQLWHDQGIHUULWHJUDLQVGXHWRWKH
ODPLQDWLRQSURFHVV

7DEOH5HVLOLHQFHWHVWLQJUHVXOWV







7KHVHUHVXOWVDUHFRQILUPHGE\ WUDQVYHUVHPLFURJUDSKLHVRI WKHIUDFWXUHSURILOHUHODWLYH WR%0ILJDDQG)=
ILJEZKLFKHYLGHQFHGVXFKD³GHODPLQDWLRQ´RIWKHORQJLWXGLQDOWHVWHGVSHFLPHQV,PSDFWWHVWLQJUHODWHGWRWKH
ZHOGHGPDWHULDOH[SHULHQFHGDZLGHUVFDWWHULQJRIWKHGDWDDQGWKHFUDFNDOZD\VLQLWLDWHGLQ)=LQWKH9QRWFKHGJH
6SHFLPHQ ,PSDFW/RDG-
%0 /RQJLWXGLQDO 
7UDQVYHUVDO 
)=  
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DQG LQ VRPH FDVHV LW SURSDJDWHG ZLWKLQ +$= ILUVW DQG WKHQ LQ %0 7KH REVHUYDWLRQ RI WUDQVYHUVH IUDFWXUH
PHWDOORJUDSKLF VSHFLPHQV VKRZ D TXLWH OLQHDU FUDFN SURSDJDWLRQ ZLWK ORZ SODVWLF GHIRUPDWLRQ RI JUDLQV LQ %0
UHVLOLHQFHWHVWLQJMXVWVPDOOSODVWLFGHIRUPDWLRQLQYROYHVWKHDXVWHQLWHJUDLQVLQZHOGHGPDWHULDOLPSDFWWHVWIUDFWXUH
SURILOHVHHPVWRIROORZWKHIHUULWHDXVWHQLWHJUDLQLQWHUIDFHV7KHOHQJWKRIIUDFWXUHSURILOHLVFRQQHFWHGZLWKLPSDFW
YDOXHVZLWKDJRRGDJUHHPHQW














)LJ3RLQWVZKHUHVSRWFKHPLFDODQDO\VLVKDVEHHQSHUIRUPHG
6(0REVHUYDWLRQVHIIHFWHGRQIUDFWXUHVXUIDFHVRILPSDFWZHOGHGVDPSOHVRISODWHVKRZDPL[HGGXFWLOHDQG
EULWWOHIUDFWXUHPRUSKRORJ\)LJDVH[DPSOHLQDOPRVWDOOVDPSOHV2QVRPHVDPSOHVVSRWPLFURDQDO\VLVZHUH
FRQGXFWHGLQGLIIHUHQWDUHDVLQGLFDWHGDVVPDOOVTXDUHQXPEHUHGLQ)LJWKDWHYLGHQFHGGXFWLOHRUEULWWOHEHKDYLRU
WRFDOFXODWHWKH5FRHIILFLHQWDVSUHYLRXVO\GHILQHGDQGWKHUHIRUHWRNQRZWKHSKDVHWKDWHYLGHQFHDFHUWDLQIUDFWXUH
PRUSKRORJ\(IIHFWLYHO\LQFDVHRIGXFWLOHIUDFWXUHPRUSKRORJ\WKH5FRHIILFLHQWYDOXHVUDQJHEHWZHHQ5PLQ DQG
5PD[ ZKHUHDVIRUEULWWOHRQHVWKHPHQWLRQHGSDUDPHWHUUDQJHVEHWZHHQ5PLQ DQG5PD[ 7KHDYHUDJH
YDOXHVRI5FRHIILFLHQWGHWHFWHGIRUPDQ\GXFWLOHDQGEULWWOHPRUSKRORJLHVDUHUHSRUWHGLQ7DEOH

7DEOH6SRWFKHPLFDODQDO\VLVUHVXOWV


&RQFOXVLRQV
*LYLQJDURXJKRYHUYLHZ0,*DQG6$:ZHOGLQJDUHERWKYDOLGWHFKQLTXHVWRZHOGZLWKDSSUHFLDEOHSURSHUWLHV
/';'66SODWHVEXWLWVHHPVWKDWWKHUHLVQROLNHO\GLIIHUHQFHLQPHFKDQLFDOSURSHUWLHVEHWZHHQ0,*ZHOGLQJ
RQHRUPRUHEHDGVDQG6$:ZHOGLQJWHQVLOHDQGUHVLOLHQFHWHVWUHVXOWVGRQRWJLYHDQ\KLQWDERXWWKLVDUJXPHQW
,PDJHDQDO\VLVGRHV LQVWHDGVLQFH)=RI WKLUGSODWH MRLQWHGE\6$:ZHOGLQJUHYHDOHGD ODFNRI IHUULWHDXVWHQLWH
EDODQFHRIFRQWHQWJLYLQJWKDWWKHFRROLQJUDWHLVVOLJKWO\VORZHUWKHVDPHWKLQJFDQEHVWDWHGIRUWKHVHFRQGSODWH
PXOWLEHDGV0,*ZHOGLQJ0HFKDQLFDOSURSHUWLHVHYLGHQFHVGRQRWVKRZDQ\GLIIHUHQFHZKHWKHUWHVWLQJEDVHPDWHULDO
RUZHOGHGFRPSRQHQWV7KHODWWHUEURNHSUHGRPLQDQWO\LQ)=ZKLOHWHQVLOHWHVWLQJVKRZLQJDUHOHYDQWQHFNLQJULJKW
EHIRUH WKH IDLOXUH0HWDOORJUDSKLFREVHUYDWLRQV HYLGHQFHG DKLJKHUGHIRUPDWLRQRI WKH DXVWHQLWHSKDVH DURXQG WKH
IUDFWXUH]RQHDQGFUDFNPDLQO\SURSDJDWHVLQDGXFWLOHPDQQHUDORQJWKHIHUULWHSKDVH,PSDFWWHVWFRQILUPWKHORZHU
GXFWLOLW\RIWKHIHUULWHSKDVHLQYROYLQJDWWLPHVDEULWWOHPRUSKRORJ\
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